The fact that inorganic salts can stimulate the oxygen consumption of many plant tissues has raised the possibility that the salts may exert a direct influence on the activity of the respiratory chain. Work in several laboratories (1, 17) has shown that the cytochrome c oxidase activity of isolated mitochondria can be stimulated by relatively high salt concentrations, but the physiological significance of this effect is not clear. Extramitochondrial cytochrome c is not the normal substrate for this enzyme, and the stimulatory effect is not specific for salts-a variety of agents which influence particle structure can promote this reaction (20). Honda, Robertson, and Gregory (9) have reported that the oxidation of reduced diphosphopyridine nucleotide (DPNH) by isolated beet root mitochondria is stimulated up to 50 % by low concentrations of salts, and they suggest that this effect may be responsible for the salt respiration of intact tissues. However, it is questionable whether or not extramitochondrial DPNH represents a physiological substrate, and further evidence on the mechanism of this effect is needed. In the course of an investigation of factors influencing the respiratory chain in sweet potato mitochondria, it was discovered that the DPNH oxidase activity is stimulated dramatically by a variety of salts. These effects are examined here, with special reference to some related salt-induced modifications of the particle structure. Preliminary reports on this work have already appeared (6, 7).
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MATERIALS & METHODS
Sweet potatoes (Ipomea batatas L.) were purchased weekly at local markets and stored at room temperature. A method similar to that developed by Lieberman and Biale (15) was used for the isolation of the particulate fraction (mitochondria). Chilled tissue, 300 g, was passed through a meat grinder and then macerated at low speed in a Waring Blendor for 2 minutes with 300 ml of medium containing 0.5 M sucrose, 0.05 M tris (tris hydroxymethylaminomethane), 0.01 M ethylenediaminetetraacetic acid (EDTA), and 0.01 M cysteine-HCl, all at pH 7.0. The homogenate was centrifuged at 1,000 X g for 5 minutes, the residue discarded, and the 1 Received January 12, 1961. 2 This work was supported by a grant from the National Science Foundation. supernatant centrifuged at 10,000 X g for 20 minutes. The pellet was resuspended in 20 ml of the isolation medium (minus cysteine), the particles were resedimented at 10,000 X g, and the final residue was suspended in 5.0 ml of 0. (table IV) . This buffer effect resembles that caused by monovalent cation salts in degree of stimulation, concentration dependence, and specificity. The pH dependence of the effect was determined, using a series of 0.01 M tris-acetate buffers. The DPNH oxidase activity was greatest between pH 7.0 and 8.0 (fig 2) , but the shape of the pH-activity curve depended on the sequence in which buffer and DPNH were added to the reaction mixture.
At pH's greater than 7.0, the reaction proceeded much Since the effects of various salts on the DPNH oxidase were studied in unbuffered media, it was important to determine if they could be attributed to changes in the pH. Adding salts of the univalent cations did not significantly influence the pH of the unbuffered medium. Adding 10-2 M MgCl2 or MnCl, lowered the pH roughly one unit. However, this pH change is not responsible for the stimulation of DPNH oxidase by divalent cation salts, since the effect can also be demonstrated when the medium is buffered at pH 6.8 (table V) .
EFFECT OF TONICITY OF MEDIUMI: It has been known for some time that the rate at which liver mitochondria oxidize externally added DPNH, is increased by exposure to a hypotonic medium (13); similar observations have been made with plant mitochondria (9, 26) . In the present experiments, omission of sucrose from the reaction miixture caused some increase (50-100 %) in DPNH oxidase activity, but this effect was only a fraction of that caused by the optimal salt concentrations (table VI). The relationship between the salt effect and the tonicity of the medium was examined. In the presence of either 10-3 AI MgCl2 or 10-2 M K2S04, the DPNH oxidase is essentially independent of the tonicity from 0.0 to 0.4 AI sucrose. On the other hand, the sucrose concentration has a marked effect when 10-2 M MgC12 is present: the DPNH oxidase activity is five times greater in the presence of 0.4 Ai sucrose than in its absence, and then declines above 0.6 AI. Similar re- tris-acetate buffer. This raises the possibility that the initial steps in the DPNH oxidase and DPNH diaphorase reactions are catalyzed by two distinct flavoproteins whiclh differ in their accessibility to external DPNH. Although DPNH is readily oxidized by these electron acceptors in the absence -of salts, the reaction can be further stimulated by salts of monovalent and divalent cations. Cytochrome c also promotes the rate of DPNH oxidation in the absence of added salts (table VII) ; maximum effects are observed at concentrations of 2 X 10-6 M and higher. The cytochrome c-stimulated reaction differs in a number of respects from the diaphorase reaction: A, the absolute rates are considerably lower; B, the rates are greater in the presence than in the absence of 0.4 M sucrose; C, the reaction is inhibited 80 to 90 % by 1 y/ml antimycin A and 1 X 10-4 M HOQNO; D, the stimulation is prevented when the particles are exposed to pH 7.5 buffer before adding the DPNH. The characteristics of the DPNH-cytochrome c reaction resemble those of the DPNH oxidase, and it seems likely that common steps are involved in these two systems.
EVIDENCE FOR STRUCTURAL CHANGES: In the course of these experiments it was noticed that the c"tical density (340 m/A) of the particle suspension lone increased when certain reagents were added. .s shown in figure 3 , these effects were studied by Adding 0.1 ml of solution to 2.8 ml of a suspension of particles in 0.4 M sucrose and immediately thereafter recording the changes in OD. The OD decreases slightly when water is added, presumably due to the dilution of the suspension. The addition of low concentrations of salts prevents this dilution effect, while higher concentrations cause an actual increase in the OD. With the salts of monovalent cations, the immediate increase is followed by a slow decline in the OD; with the divalent cation salts, the initial increase is followed by a further prolonged increase in the OD. As in the stimulation of DPNH oxidase, divalent cations are effective at considerably lower concentrations than monovalent cations; for example, even at 10-4 M CaCl, an increase in OD can be detected. Adding low concentrations of cytochrome c also causes a striking and prolonged increase in the OD at 340 mA, over and above the additional absorption due to the pigment itself (fig 3) .
Preliminary experiments on the nature of these effects showed that the magnitude is a function of the wave length; the change in OD increases as the wave length is lowered (from 600 to 300 m/A) in a manner which suggests changes in light-scattering. Such changes have been used to investigate the morphological state of isolated mitochondria (e.g., 10), and an effort was made to determine if the observed OD changes are in fact related to structural modifications. If this were true, the OD (340 mi) of the particle suspension should be dependent on the tonicity of the medium. The OD does increase to a maximum as the sucrose concentration in the suspension is increased to 0.3 M (fig 4) ; the OD remains at this level up to 0.6 M sucrose and then declines at higher concentrations. The lower OD's in hypotonic solutions could be due to a greater degree of swelling.
The changes in structure must be very rapid since the OD reading remains essentially constant at the new level when particles are transferred from the original 0.5 M sucrose suspension to the various hypotonic media (fig 4) . However, it is possible to detect rapid changes in the OD when particles are transferred to a medium containing a high concentration (0.8 M) of glycerol ( fig 5) . There is an initial rapid decrease in the OD which levels off, after 3 minutes, at the level shown by particles in water. These observations can be attributed to a rapid entrance of glycerol into the particles until the glycerol concentration is equal on both sides of a limiting membrane. The results indicate that the particles show some of the properties of osmometers, although the method employed here does not permit a critical evaluation of the structural changes. Figure 5 (fig 4) . The same was found to be true for the cytochrome c effect. Another variable which influences the OD is the pH of the particle suspension. The addition of a small volume of tris-acetate buffer of pH 5.0 or lower to particles suspended in 0.4 MN sucrose causes a sustained increase in the OD, anid the particles appear to be visibly clumped or aggregated. When the pH is above 7.0, the OD decreases markedly for several minutes. Figure 6 shows the changes in OD caused by buffers of pH 6.0, 6.8, and 7.5, and it is clear that there is relatively little effect around neutrality. From (table IX) . This activity is associated with small fragments wlhiclh can be sedimented (80.000 X g) after the pH is lowered to 5.0. The oxidation requires molecular oxygen and involves the whole respiratory chain, since antimnycin A an(l HOQNO inhibit 60 to 80 C% of the activity. Direct spectrophotometric examination of the DS shows that DPNH reduces the main respiratory pigments, inclu(ding cytochromes of type a, b, and c. The DPNH oxidase activity-of the DS is stimiiulatedl two-to threefold by adlded cv-tochrome c, and(l the specific activity of the cytochrome c oxidase is 50 timles that of the DPNH oxidase.
The influence of salts on the DPNH oxi(lase activitv of these fragmlenits in the DS wvas then examiiined. In contrast to the situation with intact particles, KC1 had essentially no effect (table X) . Similarlv, 0.01 Mr NaCl and 0.01 Mr tris buffers (pH (9) , although it is difficult to compare their 50 % stimulations with the tenfold increases observed here. This difference is probably due in part to their use of more complex control reaction mixtures, and this may also explain their inability to distinguish a specific divalent cation stimulation from the general ionic strength effect.
What is the mechanism by which salts stimulate the oxidation of DPNH by the respiratory chain?
The results suggest that modification of the physical structure of the isolated mitochondria is an important factor in this effect. Those salt concentrations which promote activity most effectively also cause striking increases in the OD of the suspensions, and the evidence indicates that the latter effect reflects changes in particle structure. Although the present results do not permit a detailed description of these changes, an increase in OD would appear to suggest a shrinkage or contraction of the particles. In the case of monovalent cation salts, the initial increase in OD could be an osmotic effect, which would result in the movement of water out of the particles; it is followed by a decrease in OD, possibly due to the entrance of ions and water. The magnitude and time course of the OD changes caused by lower concentrations of divalent cation salts suggest that a different mechanism is involved here, and the bigger changes in structure are paralleled by greater effects on activity. The effects of 10-2 3& MgCl, on both DPNH oxidase activity and OD of the suspension are markedly influenced by the tonicity of the medium. Finally, the absence of any marked effects of salts on the activity of the mitochondrial fragments argues for the importance of the particle structure in this phenomenon.
The structural changes could result in a greater DPNH oxidase activity if they facilitate the access of DPNH to the reactive sites of the respiratory chain. It is generally assumed that swelling of the mitochondria (decrease in light scattering) leads to an increase in permeability to DPNH. and exposure to hypotonic media does cause some stimulation of DPNH oxidase. Nevertheless, it is possible that the salt-induced changes in structure, which appear from the OD data as an apparent shrinkage or contraction, are also accompanied by an increase in permeability to DPNH. It is well known that Ca+ + causes striking changes in the permeability of mitochondria (3, 21) , and Mg+ + may alter the particle surface (12) . MIonovalent cation salts can also influence the accessibility of substrates to mitochondrial enzymes (25) . The (18) . The primary action may therefore be on the particle structure, although a stimulatory effect has been observed with digitonin fragments of the mitochondria (22) . It is also known that the salt concentration markedly influences the activity of soluble, deoxycholate-containing preparations of beef heart cytochrome oxidase (24) . Sisler and Evans (22) did not find any salt stimulation of the DPNH-cvtochrome c reductase activity of tobacco root mitochondria. Since the properties and interactions of the membrane-bound components of the respiratory chain
are not yet well understood, it is very difficult to localize the stimulatory effect on the basis of assays of individual segments. It is also possible that the oxidation of external DPNH by the respiratory chain is limited by the availability of intramitochondrial hydrogen acceptors (e.g. DPN+ ). The level of these acceptors might be increased directly by an external oxidant, as in the case of cytochrome c, or indirectly by salts, which may cause the breakdown of an inactive or bound form. If such a breakdown involved energv-rich intermediates, some change in particle structure might also be expected (see 14, 19) .
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SUMMARY
The respiratory chain oxidation of external DPNH by particles isolated in sucrose-tris-EDTA me(lium from sweet potato roots is stimulated as much as tenfold by inorganic salts, at concentrations ranging from 10-4 to 10-1 At. There is a specific divalent cation effect, as well as a general ionic strength effect. The DPNH oxidase activity is greatest at pH's near neutrality, and at alkaline pH's it depends on the sequence in which buffer and substrate are added. The tonicity of the medium has little effect in the absence of salts, but it does influence the activity when some salts are added. Although DPNH is rapidly oxidized in the absence of salts if ferricyanide or a (lye is present, the properties of this diaphorase reaction differ from those of the DPNH oxidase.
The salts also cause marked increases in the optical density of the particle suspensions. These effects are influence(d by the tonicity and pH of the medlium, and the evidence indicates that they represent alterations in the particle structure.
The DPNH oxidase activity of (ligitonin fragments of the mitochondria is only slightly stimulated by salts.
The results suggest that the salt-stimulation of DPNH oxidase is closely related to changes in particle structure, which nmay facilitate the access of substrate to the respiratory chain. Some other possible explanations are also considere(l.
